Cerebral ischemia injury seriously endangers human health and its molecular mechanism is still not fully understood. 
Introduction
Stroke is a common refractory disease that seriously endangers human health and life safety. Majority of all the strokes arise as ischemic brain injuries [17] . Ischemic brain injury is caused by a sudden obstruction of the blood supply, resulting in the reduction of oxygen and glucose supply to the brain tissue [28] . It has a high incidence and high mortality. To date, the molecular mechanism of cerebral ischemia injury has not been fully understood yet [10] . Moreover, the only effective clinical treatment for ischemic stroke is to dissolve thrombus through intravenous recombinant tissue plasminogen activator [1] . Hence, further explorations for the detailed mechanism of cerebral ischemia injury and treatment strategies are still needed.
MicroRNA (miRNA) is a class of non-coding single-stranded RNA molecules encoded by endoge-nous genes of about 20-24 nucleotides and involved in post-transcriptional gene expression regulation [11] . Many studies have demonstrated that a variety of miRNAs are involved in cerebral blood reperfusion injury [3] . Yang et al. [26] have reported that the expression of microRNA-323 was up-regulated after OGD treatment and it might regulate neuronal cell death in an ischemia/reperfusion-induced rat by targeting BRI3. microRNA-134 was found to promote neuron death in hippocampal neurons after OGDinduced ischemic injury [8] . microRNA-223 (miR-223) has attracted a wide range of attention because it is involved in a variety of physiological functions, including cell cycle regulation, immune cell function, hematopoietic differentiation and tumor invasiveness [6] . miR-223 mainly exists in bone marrow and is also highly present in the brain [22] . It has been reported that miR-223 was up-regulated in recurrent ovarian cancer [12] and bladder cancer [5] . Although Wang et al. have reported that miR-223 is up-regulated in acute ischemic stroke patients [22] , the specific effects and mechanism of miR-223 in cerebral ischemic injury are still obscure.
The type 1 insulin-like growth factor receptor (IGF1R) is a transmembrane receptor tyrosine kinase, which is involved in regulating the biological activity of IGF. It has been demonstrated that the activation of IGF can inhibit cell apoptosis induced by hypoxia, osmotic stress and anti-cancer drugs [18] . Jia et al. have demonstrated that IGF-1R was the target of miR-223 in HeLa, leukemia and hepatoma cells, and is associated with cell proliferation [9] . However, no significant correlation between miR-223 and IGF1R was found in the blood of acute ischemia patients [22] . Hence, the relationship between miR-223 and IGF1R was still controversial and may be different depending on the types of cells or tissues.
In this paper, we explored the expression and effect of miR-223 in cortical neurons exposed to ischemic insults and investigated the potential mechanism of miR-223-mediated inhibition of cell proliferation. We found that miR-223 may participate in OGD/R by regulating the expression of IGF1R.
Material and methods
Primary cortical neuron culture
The primary cultures of cortical neurons were obtained from the brains of embryonic day 18 (E18) Sprague-Dawley rats as described previously [19] . Cerebral cortices were isolated followed by trypsin digestion. Subsequently, cells were seeded into 24-well plate (1.5 × 10 5 cells/well) and cultured in the neurobasal medium containing B27 (2%, Gibco, USA), glutamine (2 mM), and 1% penicillin/streptomycin at 37°C with 5% CO 2 .
Oxygen-glucose deprivation and simulated reperfusion (OGD/R) model
The OGD/R model was constructed as described previously with small modifications [15, 25] . Briefly, the primary cortical neurons were incubated in an Earle's balanced salt solution (BSS) without glucose at 37°C in an anaerobic chamber with 95% N 2 and 5% CO 2 for 2 h OGD treatment. Subsequently, the cells were transferred to a normal neurobasal medium and recovered at 37°C under a humidified atmosphere of 5% CO 2 and 95% air. The same treatment was performed in the sham group without OGD exposure.
q-PCR
Total RNA was extracted from the cortical neurons treated with OGD using Ultrapure RNA kit (CwBio, Beijing, China). cDNA was synthesized using HiFiScript cDNA Synthesis Kit (CwBio, Beijing, China). Fluorescence quantitative PCR was performed to quantify the expressions of miR-223 and IGF1R. The expression levels were calculated by 2-^^C method. β-actin was used as the internal reference gene.
CCK8 assay
Cell counting kit-8 (CCK-8) (Solarbio, Beijing, China) was used to perform the cell viability assay. The cells in the 96-well cell culture cluster were divided into six groups: sham group, OGD/R group, OGD/R+ antagomir control group, OGD/R+ antagomir group, OGD/R+ agomir control group and OGD/ R+ agomir group. The final concentration of agomir/ antagomir (Ribobio Co. Ltd., Guangzhou, China) was 5 μM. Each group contained 5 replicates. In addition to the control group, all the other 5 groups were subjected to OGD/R damage. CCK8 chemical was added to each well and incubating at 37°C for 1.5 h, followed by detecting the optical density (OD) at 450 nm with a microplate reader.
Transfection
Cells were grown in six-well plates (1.5 × 10 5 cells/ well) and maintained overnight before transfection. Then the cortical neurons were transfected with siRNA1 against IGF1R, siRNA2 against IGF1R, siRNA control, vector and pcDNA-TGF1R using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) following the manufacturer's description and cultured for 12 h. Subsequently, cells were treated with OGD/R and harvested for subsequent experiments.
Western blot
Cells were lysed by RIPA buffer containing protease inhibitor to extract the proteins. The protein concentration was measured with BCA Protein Assay Kit (Com Win Biotech Co., Ltd., Beijing, China). The proteins in the lysates were separated by 12% (w/v) SDS-PAGE and then transferred to a polyvinylidene fluoride (PVDF) membrane (Millipore, Bedford, MA). After being blocked in 5% skimmed milk for 1 h at room temperature, the membrane was then incubated with TBST containing the primary antibody (1 : 1,000) overnight at 4°C. Followed by washing with TBST for 3 times, the membrane was next incubated with the secondary antibody (1 : 5,000) for 1 h and washed with TBST for 3 times (5 minutes each) again. The signals were detected with an enhanced chemiluminescence detection kit (ECL, Pierce Biotechnology Inc.) and the density was analyzed with Quantity One software. β-actin was used as an intrinsic quality control. The relative expression level is the ratio of the target protein to the internal reference protein.
Luciferase reporter assay
The binding site of miR-223 was predicted using TargetScan (http://www.targetscan.org ). The wild type 3'UTR sequence of IGF1R and a mutant with mutations in the predicted binding sites were all synthesized and ligated into the pmirGLO DualLuciferase miRNA Target Expression Vector (Promega, Madison, WI, USA) and named as pmirGLO-WT and pmirGLO-Mut, respectively. Then the cells were transfected with pmirGLO-WT + miR223-agomir control, pmirGLO-WT + miR223-agomir, pmir-GLO-Mut + miR223-agomir control or pmirGLO-Mut + miR223-agomir by Lipofectamine 200 (Invitrogen). After transfecting for 48 h, Dual Luciferase Assay (Promega) was used to test the activities of Firefly and Renilla luciferase consecutively.
Statistical analysis
The values are shown as mean ± SD. Student's t-test was performed for single comparison and ANOVA was performed for multiple comparisons. It was considered as statistically significant when p < 0.05.
Results
Up-regulated expression of miR-223 after OGD/R Primary cortical neurons OGD/R model was used as an in vitro model to explore the role of miR223 in the regulation of ischemic brain damage. According to the results of qPCR (Fig. 1A) , we found that the expression level of miR-223 was more significantly elevated in the OGD/R group than in the sham group (p < 0.01). To confirm whether miR223 was associated with cortical neurons cell viability after being exposed to OGD, miR223 antagomir and agomir were used and CCK8 assay was performed. As observed in Figure 2B , the level of miR223 was inhibited significantly in the antagomir group and increased obviously in the agomir group, as compared with their corresponding control groups (p < 0.01). Cell viability was decreased significantly after OGD/R treatment (p < 0.01). When antagomir was added to the cells treated with OGD/R, the viability was increased more obviously than that of the OGD/R+ antagomir control group (p < 0.01). On the other hand, the viability was declined more significantly in the OGD/R+ agomir group than that of the OGD/R+ agomir control group. These results indicated that miR223 may inhibit the proliferation of neurons after OGD and then lead to the ischemic brain damage.
The influence of miR-223 on IGF1R expression
In order to further explore the mechanism of miR223 inhibition of the proliferation of neurons after OGD, we analyzed its potential targets using the targetscan algorithm. By screening the genes which were down-regulated by miR223 and had been reported to be associated with cancers, IGF1R was selected for further study. We found that the IGF1R expression level was more significantly decreased in the OGD/R+ antagomir control group than that of the sham group (p < 0.01). Furthermore, the level of IGF1R was more significantly increased in the OGD/R+ antagomir than that in OGD/R+ antagomir control group ( Fig. 2A) (p < 0.05) . The protein expression level IGF1R was consistent with the mRNA expression level (Fig. 2B-C) . These observations indicated that the up-regulating of miR223 may suppress the expression of IGF1R and the down-regulating of miR223 may up-regulate the expression of IGF1R.
The mutual regulatory relationship between miR-223 and IGF1R
The Targetscan prediction results showed that miR-223 could bind to IGF1R through the binding sites presented in Figure 3A . Luciferase reporter assay was then performed to confirm the interaction between miR-223 and IGF1R. As shown in Figure 3B , the luciferase activity of pmirGLO-WT was significantly suppressed in the miR223-agomir group (p < 0.01). No significant change was observed in the luciferase activity of pmirGLO-Mut between the miR223-agomir control and miR223-agomir group. These observa- tions demonstrated that miR-223 can bind to IGF1R and may be involved in the ischemic brain injury by regulating the expression of IGF1R.
miR-223 participates in OGD/R by regulating the expression of IGF1R
In order to further investigate the regulatory relationship between miR-223 and IGF1R, siRNA1 IGF1R, siRNA2 IGF1R, siRNA control, vector or pcDNA-TGF1R was transfected into cortical neurons. The expression level of IGF1R in the siRNA1 and siRNA2 group was dramatically decreased and its level was significantly increased in the IGF1R group (Fig. 4A) (p < 0.01) . The protein level of IGF1R in each group was consistent with the IGF1R mRNA expression level in the corresponding group (Fig. 4B-C) . Through CCK8 assay, we found that the OD 450 value was significantly decreased in the control +siRNA1 group (p < 0.05), control +siRNA2 group (p < 0.01) and agomir + vector group (p < 0.01) compared with the mock group. However, OD 450 value was dramatically increased in the control + IFG1R group (p < 0.05) and antagomir + control group (p < 0.01) compared with the mock group. In antagomir + siRNA1 and antagomir + siRNA2 groups, OD 450 value was obviously lower than in the antagomir + control group. Furthermore, OD 450 value in the agomir + vector group was significantly lower than in the antagomir + IGF1R group. These observations indicated that miR-223 participates in OGD/R by regulating the expression of IGF1R.
Discussion
Previous studies have indicated that miR-223 can serve as potential biomarkers for gastric cancer [14] and sepsis [21] . Furthermore, the up-regulation of miR-223 has been demonstrated in mice with hepatic ischemia/reperfusion injury [27] , rat transient MCAO [2] , ischemic preconditioning [13] , the blood of acute ischemic stroke patients [23] and young stroke patients [20] . However, the specific mechanism of miR-223 in cerebral ischemia is still unclear. Here, we have constructed an OGD/R model of cortical neurons and found that the level of miR-223 was increased similarly in cortical neurons treated with OGD/R. Furthermore, overexpression of miR-223 enhanced the inhibitory effect on cell proliferation, whereas it down-regulated the miR-223 level providing protective effects against the OGD/R injury (Fig. 1) . Previously, it was reported that overexpression of miR-223 also caused suppression on HeLa cell proliferation [24] . The inhibitory effect of miR-223 on cell growth that we observed in cortical neurons treated with OGD/R was consistent with its role in hepatocellular carcinoma. These data further illustrate that miR-223 plays a role in cerebral ischemia.
In order to explore the potential mechanism and find out the target mRNA of miR223 which may be involved in the ischemic brain injury, the targetscan algorithm was used. We found that the expression of IGF1R was negatively correlated with miR-223 expression and was a potential target of miR-223. It had been universally understood that IGF1R was up-regulated in many kinds of cancers and serves as an oncogene [7] . Researchers have demonstrated that IGF1R was the target of miR-143, miR-99a and miR-133a [4] . However, the relationship between miR-223 and IGF1R was still controversial. In HeLa, leukemia and hepatoma cells, IGF1R had been demonstrated to be the target of miR-223 [9] , while no obvious correlation between miR-223 and IGF1R was found in the blood of acute ischemia patients [22] . To explore whether miR-223 could directly regulate IGF1R expression, q-PCR, western blot and Luciferase reporter assays were performed. We observed that both the mRNA and protein level of IGF1R were decreased when cortical neurons were treated with OGD/R, while the IGF1R levels were increased when miR-223 antagomir was added (Fig. 2) . Furthermore, an obvious decline in luciferase activity was observed when miR-223 was over-expressed. When the binding sites between miR-223 and IGF1R were mutated on IGF-1R 3'UTR, the interaction between them disappeared (Fig. 3) . These phenomena strongly suggested that IGF1R interacted with miR223 and was inhibited at both transcriptional and translational levels. Our experimental results showing that IGF1R was a target of miR223 are consistent with the results obtained in HeLa, leukemia and hepatoma cells in vitro [9] . These data further confirmed that miR223 could regulate the expression of IGF1R. While, no significance correlation between miR-223 and IGF1R was found from the acute ischemic stroke patients in vivo [22] . These inconsistencies may be caused by the differences between the in vivo and in vitro environments. Furthermore, cortical neurons from Sprague-Dawley rats were used in our study, while blood samples from acute ischemic stroke patients were used in the study of Wang et al. [22] ; this may be another reason for this difference.
To further demonstrate whether miR-223 participates in OGD/R by regulating the expression of IGF1R, we transfected siIGF1R into cortical neurons. The expression level of IGF1R was significantly decreased after siIGF1R transfection and resulted in a similar inhibition of cell viability to the suppression caused by miR-223 (Fig. 4) . On the other hand, we found that over-expressed IGF1R in the miR-223 agomir group can abolish the suppression of miR-223. These phenomena demonstrated that miR-223 suppressed proliferation of cortical neurons treated with OGD/R [16] . The contradiction between our results and theirs indicated that miR-223 overexpression may promote ischemia-induced cell death or play a neuroprotective role in stroke depending on the areas of the brain [16] .
In summary, this research reported that miR-223 was up-regulated in OGD/R-treated cortical neurons and it showed an inhibitory effect on cortical neurons cell proliferation. Furthermore, our results indicated that IGF1R might be an important target of miR-223 and the expression level of IGF1R was negatively associated with the level of miR-223. These results indicated that miR-223 might play an important role in ischemic brain injury and suppress proliferation of cortical neurons via inhibiting IGF1R expression. The specific relationship between miR-223 and IGF1R in ischemic brain injury needs more in vivo evidence to support.
